BACKGROUND: Clinicians have difficulty in identifying patients that are unlikely to adhere to hypertension self-management. Identifying non-adherence is essential to addressing suboptimal blood pressure control and high costs. OBJECTIVES: 1) To identify risk factors associated with non-adherence to three key self-management behaviors in patients with hypertension: proper medication use, diet, and exercise; 2) To evaluate the extent to which an instrument designed to identify the number of risk factors present for non-adherence to each of the three hypertension self-management behaviors would be associated with self-management non-adherence and blood pressure. DESIGN: Cross-sectional analysis of randomized trial data. PATIENTS: Six hundred and thirty-six primary care patients with hypertension. MEASUREMENTS: 1) Demographic, socioeconomic, psychosocial, and health belief-related factors; 2) measures of self-reported adherence to recommended medication use, diet recommendations, and exercise recommendations, all collected at baseline assessment; 3) systolic blood pressure (SBP) and diastolic blood pressure (DBP). RESULTS: We identified patient factors associated with measures of non-adherence to medications, diet, and exercise in hypertension. We then combined risk factors associated with ≥1 adherence measure into an instrument that generated three composite variables (medication, diet, and exercise composites), reflecting the number of risk factors present for non-adherence to the corresponding self-management behavior. These composite variables identified subgroups with higher likelihood of medication non-adherence, difficulty following diet recommendations, and difficulty following exercise recommendations. Composite variable levels representing the highest number of self-management non-adherence risk factors were associated with higher SBP and DBP.
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CONCLUSIONS:
We identified factors associated with measures of non-adherence to recommended medication use, diet, and exercise in hypertension. We then developed an instrument that was associated with nonadherence to these self-management behaviors, as well as with blood pressure. With further study, this instrument has potential to improve identification of nonadherent patients with hypertension.
BACKGROUND
Patient non-adherence (NA) to chronic disease treatment averages 50 %, exacerbating disease control and increasing costs. 1, 2 Alhough hypertension (HTN) is a modifiable cardiovascular risk factor, half of hypertensive patients have inadequate control; 3 NA to HTN self-management contributes heavily to suboptimal care. 4, 5 Because HTN self-management NA is modifiable, identifying non-adherent patients is essential. Despite recognizing the influence of demographic, psychosocial, socioeconomic, and health belief-related factors on HTN self-management NA, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] physicians have difficulty identifying non-adherent patients. Existing HTN NA prediction instruments are often complex and none are widely accepted. [25] [26] [27] [28] [29] [30] Moreover, existing instruments focus solely on HTN medication adherence, ignoring important behaviors like diet and exercise. Consequently, clinicians lack convenient tools to help identify patients unlikely to follow HTN self-management recommendations. A simple means to ascertain likelihood of adhering to the three key aspects of HTN self-management-proper medication use, diet, and exercise-would facilitate targeted efforts to combat NA.
The goal of this analysis was to identify risk factors associated with measures of NA to each of the three key HTN self-management behaviors: proper medication use, diet, and exercise. Secondarily, we sought to assess the extent to which an instrument designed to identify the number of risk factors present for NA each of the three HTN self-management behaviors would be associated with self-management NA and blood pressure (BP). This study serves as an initial step in generating a clinically useful tool to facilitate identifying individuals unlikely to adhere to HTN self-management.
METHODS

Patient Population
We analyzed baseline data from the Take Control of Your Blood Pressure (TCYB) trial, which randomized hypertensive patients from two primary care clinics to: 1) behavioral management, 2) home BP monitoring, 3) a combination of 1 and 2, or 4) usual care. 31 The study had Duke University Institutional Review Board approval and patients provided written informed consent. Subjects received HTN care at their clinic site for ≥12 months and used ≥1 antihypertensive medication. Poor BP control was not required for enrollment.
Exclusion criteria included: dementia; atrial fibrillation; dialysis dependence; patient of a study investigator; receipt of skilled nursing or home health; hospitalization for stroke, heart attack, revascularization, or metastatic cancer within 3 months; difficulty communicating by telephone; participation in another BP study; arm circumference >17 in. and wrist circumference >8.5 in.; or pregnancy.
Baseline Patient Factors
We examined associations between available patient factors and measures of NA to three HTN self-management behaviors, all assessed at study baseline. Because this project aimed both to identify risk factors associated with self-management NA and also to derive composite variables associated with the adherence measures, we dichotomized some patient factors based on existing data, item responses, or observed distributions to facilitate creating clinically useful composites.
Demographic factors included age, gender, race, education level <12 years, smoking status, diabetes status, employment status, and body mass index (BMI) <30.
Socioeconomic factors included:1) self-reported lack of social support ("Do you have someone you feel close to, can trust, and confide in?," with responses yes/no); 32 2) selfreported lack of financial security ("How would you describe your household's financial situation?," with responses ranging from 1 (After paying bills, I have money for special things) to 4 (I have difficulty paying bills, no matter what), dichotomized based on response content as lack of financial security present (≥3) or absent (≤2)); 3) Rapid Estimate of Adult Literacy in Medicine Score (REALM, dichotomized as <60 (<9th grade reading level) or ≥61 (>9th grade reading level); 33 and 4) Hypertension Knowledge Score (HKS) 34 (dichotomized as <7 or 7). The dichotomized REALM and HKS are validated measures, described in detail elsewhere. 35 Psychosocial factors included: 1) high stress ("How often in the past month have you felt stressed?," with responses ranging from 1 (never) to 5 (very often); responses were normally distributed, and we dichotomized as high stress present (≥4) or absent (≤3), which captured approximately the highest-stress tertile); 2) nervous personality ("Do you consider yourself a nervous or tense person?," with responses ranging from 1 (no) to 4 (all the time); responses were distributed towards the scale extremes, and we dichotomized as yes (≥2) or no (≤1), which captured approximately the top 40 % of subjects with respect to nervousness); 3) depressed mood ("How often during the past month have you felt downhearted and blue?," with responses ranging from 1 (all the time) to 6 (never); responses were skewed toward no depression, and we dichotomized as depressed mood present (≤4) or absent (≥5) based on response content); 4) lack of accomplishment due to psychosocial issues ("During the past month, have you accomplished less due to any emotional problems, such as depression or anxiety?," with responses yes/no); 5) and lack of carefulness due to psychosocial issues ("During the past month, did you not do work or other activities as carefully due to any emotional problems, such as depression or anxiety?," with responses yes/no). 36 Health belief-related factors included: 1) belief that HTN is a serious issue ("How serious is it to have high blood pressure?," with responses ranging from 1 (very serious) to 4 (not at all serious); because 75 % of responses were '1,' we dichotomized as serious (1) or not serious (≥2)); 2) worry about HTN ("How worried are you about your high blood pressure?," with responses ranging from 1 (definitely not worried) to 10 (extremely worried); responses were skewed towards worry, and we dichotomized as worry present (≥7) or absent (≤6), which divided the population approximately in half); and 3) belief that myocardial infarction (MI) is likely with the patient's current lifestyle ("How likely are you to have a heart attack if you continue your current lifestyle?," with responses ranging from 1 (very likely) to 3 (not at all likely); because 80 % of responses were '2' or '3,' we dichotomized as belief present (≤2) or absent (3 or don't know)).
Baseline Measures of Adherence
We used three measures collected at baseline as indicators of NA to recommended medication use, diet, and exercise. Because dichotomous outcomes are more intuitive for clinicians, we dichotomized measures based on prior data or observed distributions. To evaluate medication adherence, we used the Self-reported Medication-Taking Scale. 37, 38 This measure was dichotomized as medication NA present (≤2, don't know, or refused) or absent (≥3); this dichotomized measure is validated, and is described elsewhere. 35 To evaluate diet and exercise, we used single-item measures reflecting self-reported difficulty following HTN-related diet (or exercise) recommendations ("Rate how difficult it is to follow diet (or exercise) recommendations to improve your blood pressure," with responses ranging from 1 (not at all difficult) to 10 (extremely difficult)). We dichotomized these measures as difficulty present (≥7) or absent (≤6); in both cases, responses were normally distributed, and the cutoff captured approximately the most non-adherent tertile.
Statistical Analysis
This analysis consisted of 4 steps: 1) identification of patient factors associated with each of the three selfmanagement NA measures; 2) creation of an instrument designed to generate three composite variables, each corresponding to one self-management NA measure and based on a number of risk factors present for NA to that behavior; 3) assessment of associations between each composite variable and corresponding self-management NA measure; and 4) assessment of associations between each composite variable and mean systolic and diastolic BP (SBP/DBP). All statistical analyses were performed using SAS Enterprise Guide, version 4.3, Cary, NC.
Associations Between Patient Factors and Adherence
Measures. To identify factors associated with each selfmanagement NA measure, we used multivariable logistic regression with backward elimination to estimate adjusted odds ratios (OR) and 95 % confidence intervals (CI) reflecting the likelihood of NA based on the presence of a patient factor. For each of the three models, low multicollinearity between baseline patient factors in association with each adherence measure was confirmed by examining the variance inflation factor. 39 Prior to backwards elimination, each regression model included all patient factors described above.
Development of Adherence Instrument and Composite
Variables. In creating the instrument, we included patient factors significantly associated with ≥1 of the three selfmanagement NA measures. Based on multivariable logistic regression as detailed above, we identified ten factors associated with ≥1 measure of adherence; as we intended the instrument to be suitable for clinical use, we excluded one (REALM) due to unsuitability for clinic assessment. We used the remaining factors to create a 9-item instrument that generated three composite variables (medication, diet, and exercise composites) reflecting the number of risk factors present for NA to the corresponding selfmanagement behavior (Text Box 1). 
RESULTS
Baseline Characteristics
The 636 patients had a mean age of 61, were 49 % AfricanAmerican, and 34 % male (Table 1) ; 73 % had well-controlled BP (<130/80 mmHg in diabetes, <140/90 mmHg otherwise).
Associations between Patient Factors and Adherence Measures
Multivariable logistic regression analysis identified patient factors that were significantly associated with each of the HTN self-management NA measures (Table 2 ). For medication NA, these risk factors included African-American race, low education level, lack of financial security, poor health literacy (REALM ≤60), and high stress level. For diet, risk factors included BMI ≥30, being employed, lack of financial security, lack of accomplishment due to psychosocial issues, and belief that MI is likely with current lifestyle. For exercise, risk factors included BMI ≥30, female gender, low education level, being employed, lack of accomplishment due to psychosocial issues, and belief that MI is likely with current lifestyle.
Development of Adherence Instrument and Composite Variables
As described, in constructing this instrument, we included easily assessable demographic, socioeconomic, psychosocial, and health belief-related factors associated with ≥1 adherence measure. These included nine of the ten factors from Table 1 , excluding only REALM (unsuitable for clinic assessment). The instrument (Text Box 1) generated three composite variables (medication, diet, and exercise composites) that indicated the number of risk factors present for NA to the corresponding self-management behavior. At the higher levels of each composite variable, cell sizes were small, so multiple levels were collapsed into one (levels 3-4 for medication composite, 3-5 for diet, and 4-6 for exercise); the lowest two exercise composite levels were collapsed for the same reason. Ultimately, each of the three composite variables yielded four categories, which we labeled "low," "moderate," "high," and "very high" (Table 3 ) with respect to likelihood of NA. Seven of 636 subjects had insufficient data to determine the medication composite variable, 35 had insufficient data for the diet composite, and 32 had insufficient data for the exercise composite (more subjects were missing for diet/exercise due to missing BMI data). Table 3 presents OR for associations between composite variable levels and corresponding NA measures. As expected, odds for NA were greater for patients with increasing numbers of risk factors. OR were stronger for the composite variables than for any individual factor. Compared to the respective "low" likelihood levels, each "high" and "very high" level was associated with significantly higher odds of NA for each self-management behavior. C-statistics for the three adjusted models ranged from acceptable to good (medication 0.73, diet 0.67, exercise 0.69), and Hosmer-Lemeshow tests were nonsignificant (p=0.93 for medication, 1.0 for exercise, 1.0 for diet).
Association Between Adherence Instrument and Adherence Measures
Association Between Adherence Instrument and Baseline Blood Pressure
Mean SBP and DBP were estimated for the levels of each of the three composite variables (Table 4) . Patients in the composite variable level representing the highest number of self-management NA risk factors ("very high") had higher Abbreviations: OR odds ratio, CI confidence interval * Medication composite is a categorical variable reflecting how many of the following self-reported factors are present for a patient: African-American race, completion of<12 years school, lack of financial security, high stress level † Diet composite is a categorical variable reflecting how many of the following self-reported factors are present for a patient: BMI≥30, employed, lack of financial security, lack of accomplishment due to psychosocial issues, belief that MI is likely with current lifestyle ‡ Exercise composite is a categorical variable reflecting how many of the following self-reported factors are present for a patient: BMI≥30, female gender, completion of<12 years school, employed, lack of accomplishment due to psychosocial issues, belief that MI is likely with current lifestyle § Medication composite model adjusted for REALM score<60 and clinic site. For diet and exercise composite models, no additional effects were included in adjusted model after backward elimination; slight differences in unadjusted vs. adjusted ORs for diet and exercise due to a small reduction in number of observations used in adjusted models estimated mean SBP and DBP as compared to patients with fewer risk factors.
DISCUSSION
Using baseline data from a HTN trial, we identified patient factors associated with measures of NA to medication, diet, and exercise, the three key self-management behaviors in HTN. We also created an instrument that generated three composite variables (medication, diet, and exercise composites), each reflecting the number of risk factors present for NA to the corresponding HTN self-management behavior; these three composites identified subgroups with higher likelihood of medication NA, difficulty following diet recommendations, and difficulty following exercise recommendations, respectively. Composite variable levels representing the highest number of self-management NA risk factors were also associated with higher SBP/DBP. With further study, this instrument could facilitate identification of patients less likely to adhere to HTN self-management.
This study is unique in its identification of factors associated with measures of NA to all of the three key selfmanagement behaviors in HTN. By identifying distinct factors associated with likelihood of NA to recommended medication use, diet, and exercise, this study suggests that adhering to each of these behaviors poses different challenges for patients. For example, lack of financial security and high stress had associations with medication NA. By contrast, a sense of lack of accomplishment due to psychosocial issues and the belief that MI is likely with current lifestyle were not associated with reported medication NA, but each was associated with difficulty following diet and exercise recommendations. Lack of financial security was associated with difficulty following diet recommendations, but not difficulty following exercise recommendations. While there are intriguing possible interpretations for these associations, the cross-sectional design of this study precludes conclusions regarding causation between the patient factors and NA measures examined.
As interventions exist to improve NA to self-management behaviors in HTN, identification of non-adherent individuals is essential to improving BP control and reducing costs. Physicians have difficulty identifying patients with selfmanagement NA, 40, 41 so a single instrument capable of identifying individuals likely to have NA to different HTN self-management behaviors would be valuable, particularly in light of our findings that distinct factors are associated with NA to each self-management behavior. This instrument could be utilized by clinicians to evaluate one, two, or three of the HTN self-management behaviors for a given patient, and would facilitate appropriate targeting of patient counseling or referral based on the results. While prospective validation will be needed in order to confirm this instrument's clinical utility, its ability to identify subgroups with high likelihood of NA to single or multiple self-management behaviors distinguishes it from other NA identification aids. Further, this instrument includes only easily assessed factors, making it convenient for clinical use. The apparent positive relationship between this instrument and BP further supports its potential clinical utility.
The current study focuses on self-management NA in HTN, which is highly prevalent in primary care. Because medication, diet, and exercise adherence are also essential to diabetes and hyperlipidemia self-management, it is possible that this instrument could be used to assess medication, diet, and exercise NA in these conditions, as well.
Limitations
Several factors may affect the generalizability of our results, including: 1) the multiple exclusion criteria for the TCYB trial; 2) the particular demographics of our population (mostly female, high unemployment); and particularly, 3) the good baseline BP control in our population. In general, our results generalize to individuals under treatment for hypertension in primary care setting, but should be confirmed in patients with poorer BP control. Though our results suggest ways in which the identified risk factors may underlie NA to HTN self-management behaviors, prospective study is needed to establish causation and confirm the clinical utility of this instrument. Though the composite variable levels we defined appear to be positively associated with odds of NA to self-management behaviors, the fact that there is overlap between the OR CI for these associations leaves some uncertainty as to whether the "moderate," "high," and "very high" levels truly represent different likelihood of NA. Additionally, it should be noted that the patient factors examined were not an exhaustive list of factors known to impact NA, but rather were measures available through the TCYB trial database. Likewise, an item known to impact medication NA, health literacy, was excluded given our focus on clinical usability.
There is no perfect strategy for measuring medication NA. For this analysis, we used a validated self-reported medication adherence measure. 36, 37 While the degree to which self-report correlates with objective medication adherence is questioned, 42, 43 it remains the most common strategy for assessing medication NA because it is simple, reliable, and convenient. [44] [45] [46] For diet and exercise, we used single-item measures assessing patient-reported difficulty in following diet and exercise recommendations. Although the optimal means for assessing diet and exercise adherence is unclear, there is evidence that direct questioning regarding self-management behaviors yields unreliable information. 47 Thus, while our use of single-item, self-reported diet and exercise adherence measures remains a limitation, the structure of these measures likely minimizes any social desirability bias that would cause respondents to endorse better diet or exercise than they actually follow, while still capturing the extent to which patients adhere to recommended diet and exercise.
Despite these limitations, we identified risk factors for NA to the three key self-management behaviors in HTN: proper medication use, diet, and exercise. We also explored development of an instrument strongly associated with NA to these behaviors and BP. With further prospective study, this instrument has the potential to improve identification of hypertensive individuals that are less likely to follow medication, diet, and exercise recommendations.
